INTRODUCTION
The stress states which arise in fiber composite laminates under in-service conditions can give rise to a wide variety of local defects and microfractures whilst the laminate still preserves its structural integrity. In any attempt to assess the remaining life of the structure it is necessary to determine the nature and location of these damage events and to monitor the subsequent growth of the defects. Both the onset and the growth of the defects lead to the release of elastic stored energy which gives rise to acoustic emission signals. These signals can be recorded as transient disturbances on the surface of the structure and the nature of these disturbances depends on the location of the source, the character of the damage event and the time history of the energy release, as well as on the mode of propagation of elastic waves through the laminate. The inverse problem of locating and classifying the nature of the source event from the recorded surface disturbance is a formidable task, which requires a detailed knowledge of the propagation of stress waves through the laminate due to a range of sources with known characteristics, located at a specified internal position.
An alternative approach, which avoids solving the difficult inverse problem, is to attempt to replicate the receiver signal by Simulating the time history of sources of known characteristics and modifying the parameters of the source function in order to achieve good agreement with observed waveforms. This approach has been adopted by Suzuki ct. al. [1] and by Guo ct. al. [2] and it has been shown to be successful when applied to a number of different fracture events. The work reported in [1] relates to an isotropic elastic material and employs the Green's function for a half space, so that the simulated signals only reproduce the earliest arrivals at the receiver and they take no account of any reflections from the bottom surface of the plate. In reference [2] , the authors deal with a fiber composite laminate and they employ the Lamb wave solution based on laminate theory with shear correction in order to produce the simulated response. The Lamb wave solution is valid for low frequency disturbances at distances greater than some three or four laminate depths from the source. At receiver distances close to the source the early signal arises from rays which either travel directly from source to receiver or which undergo reflection at one or more interfaces in passing from the source to the receiver. In order to replicate these arrivals it is necessary to make use of the elastic wave solution based on the detailed structure of the laminate. The numerical effort required in order to carry out this procedure in the case of point defects is excessive and, in the main, results have been derived for line sources. This paper deals with the simulation of the surface response at one laminate depth from epicentre due to line dislocation sources in a cross-ply laminate. The results presented are for a unit step discontinuity with a smoothly rising ramp and attention is focussed on the effect of varying the rise time.
THEORY
The plate is constructed from four layers of a unidirectional fiber reinforced material arranged in a symmetric cross-ply configuration. Thus, the fiber direction in the two inner layers are parallel to each other and at right angles to the fiber direction in the two outer layers. Each layer is modelled as a transversely isotropic elastic continuum, with the axis of transverse isotropy being parallel to the fiber direction. This paper is concerned with straight crested waves travelling in the plane of the laminate and a cartesian coordinate system of axes OXIX2X3 is chosen, with the origin 0 in the mid-plane of the plate and OXI in the direction normal to the plate. OX2 is parallel to the fibers in the two outer layers and OX3 is parallel to the fibers in the two core layers. The direction of propagation is assumed to make an angle ' Y with the OX3 axis so that the components of displacement and stresses are functions of the time t and the spatial variables Xl and X = X2 sin ' Y + X3 cos 'Y, only. The method adopted for examining the effect of these waves is to take the Laplace transform with respect to t and the Fourier transform with respect to the spatial variable x.
The equations of motion within layer m (m = 1, ... ,4) reduce to a coupled system of six ordinary differential equations for the double transforms of the displacement components Ui(X" x, t) and of the components of traction tli(XI, x, t) across any plane normal to OXI in the form (1) is the material density and C2 is a typical wave speed. The matrix Am in equation (1) is a function of the elastic constants, the material density, the transform parameters and the angle of propagation ' Y. The solution of these equations may be written in the form where Km is a six vector of arbitrary constants, Pm is the matrix whose columns are the eigenvectors of the matrix Am, and Em(XI) is a diagonal matrix. Details of the matrices Zm(XI, k, S), Pm and Em(xd are to be found in Green [3] . (2) The subject of the present paper involves finding the response of the plate to impulsive dislocations acting across the interface between layer m -1 and layer m. The conditions across the interface then require the continuity of the three traction components and specified jumps in the displacement components, which lead to the relations
where F(k, s) = (BI B2 B3 00 O)T and Xl = xi m ) at the interface between layer m -1 and layer m. The elements Bi(k,s) (i = 1, 2, 3) 6(x) . At the other interfaces the continuity of displacement and tractions lead to equations of the same form as equation (3) but without the discontinuity vector F on the right hand side. The interface conditions lead to a total of 18 equations in the 24 arbitrary constants which occur in the vectors Km , m = 1, ... ,4. These equations, taken with the six further equations that arise from the traction free conditions at the bottom and top surfaces of the plate are solved to give expressions for the transform components of displacements and stresses throughout the laminate. The displacements and stresses may be obtained as functions of position and time on inverting the transforms and details of the numerical procedure for the inversion are to be found in [4) .
The usual approach [1, 2, 5] which is adopted in order to examine discontinuities in displacement is to employ the equivalent body force theory due to Burridge and Knopoff [6] . However, the six-vector formulation allows the response to dislocation sources to be evaluated directly, as outlined above. Nevertheless, it is possible to express the dislocation response in terms of the responses to certain body force combinations. Thus, the double transform Ui(Xbk,S) of the displacement component 'Ui(XI,X,t) at any location, arising from the discontinuity given by BI = 1, B2 = B3 = 0 is (4) The constants CO" a = 1, ... ,5, have dimensions of wave speeds and they are related to the five independent elastic constants of the transversely isotropic material and to the material density. The functions Gji for i = 1,2,3 are the double transforms of the displacement components arising from an impulsive line load acting on the line XI = x\m) X = 0 in the direction of the xraxis and Gji,k denote the transforms of the derivatives of the displacements with respect to Xk. In the case when the indices j and k in Gji,k are the same, the source is a line double force or dipole, otherwise the source is a line couple. The response to the dislocation given by BI = 0, B2 = 1, B3 = 0 may be expressed as (5) Here Gli,2 may be interpreted as due to an anticlockwise couple about the x3-axis and G2i,1 as due to a clockwise couple of the same magnitude so that the right hand side of equation (5) represents the effect of a double couple without moment. The response to the dislocation BI = B2 = 0, B3 = 1 is which may be interpreted as due to a double couple without moment relative to the X2-axis.
RESULTS (6)
The results presented here relate to a fiber composite material having the same material constants as that reported in [4] . Each figure shows the scaled normal displacement of the laminate upper surface as a function of the nondimensional time T = clt/h, where h is the layer thickness. Three different internal line dislocations are considered, namely, source A which corresponds to the conditions BI = 1, B2 = B3 = 0, (a crack opening displacement discontinuity); source B which corresponds to B2 = 1, BI = B3 = 0; source C, for which B3 = 1, BI = B2 = O. Both sources Band C represent shear displacement discontinuities.
Each source is taken to have the same ramp function time history qi(t) = q(T), where (7)
Here TL is the nondimensional rise time. For brevity, attention is focussed on two values of the angle of propagation '1, namely 0° and 90°.
The first four Figures show the response to a source A located at the upper interface of the plate. In Figure 1 , '1 = 0° and the receiver is at x = 4h, that is, one plate thickness away from the plane of action of the source. The rise time TL is 0.3, 0.9, 3.0 and 9.0 respectively for curves (a), (b), (c) and (d). Note that, in order to show the detailed structure of the response more clearly, the vertical scale may differ from one graph to another. Much of the high frequency response present at TL = 0.3, curve (a), has been lost when TL is increased to 0.9, and the maximum amplitude has decreased significantly. The high frequency content has disappeared completely when TL = 3, curve (c), and the maximum amplitude has been further reduced. Curve (d) shows that the signal when n = 9 consists of a gentle downward displacement associated with the low frequency bending motion of the laminate. In Figure 2 , 'Y is again 0°, the receiver is located at x = 8h and TL = 0.3 and 3 for graphs (a) and (b) respectively. At this distance from the source, the disturbance has had time to build up in amplitude and also there is stronger evidence of the effect of internal reflections on the disturbance. However, increasing the rise time to 3 once again reduces the maximum amplitude significantly and the entire high frequency content has been smoothed out. It is evident from Figures 1 and 2 that both the location of the receiver relative to the source and the rise time of the source have a Significant effect on the signal.
In Figure 3 Figure 6 has been included to show the effect of moving the location of the source down to the lower interface. All the other variables correspond to those used in Figure 5 . It is clear that the response is dramatically reduced and most of the high frequency component has been lost . From the above discussion, it is clear that the characteristics of the response to the three different signals are affected by the depth, the orientation and the time history of the source. 
